This paper proposes to study the impacts of electrical line losses due to the connection of distributed generators (DG) to 22kV distribution system of Provincial Electricity Authority (PEA). Data of geographic information systems (GIS) including the distance of distribution line and location of load being key parameter of PEA is simulated using digital simulation and electrical network calculation program (DIgSILENT) to analyze power loss of the distribution system. In addition, the capacity and location of DG installed into the distribution system is considered. The results are shown that, when DG is installed close to the substation, the electrical line losses are reduced. However, if DG capacity becomes larger and the distance between DG and load is longer, the electrical line losses tend to increase. The results of this paper can be used to create the suitability and fairness of the fee for both DG and utility.
Introduction
Electricity generated by the distributed generators (DG) is increasingly becoming widespread in many countries including Thailand by getting the attention of power industry increasingly. The installation of distributed generators in the power system affects to distribution system in several issues. These issues are extensive discussions such as magnitude and direction of power flow, electrical line losses, voltage profile, power factor, and fault level. The electrical line losses are one of issues that is interested. Electrical line loss occurs when current flows through transmission and distribution systems. The magnitude of the loss depends on amount of flowing current and the line resistance. If the capacity and location of the distribution or generators optimal to the size and location of the load, it will help to reduce the real power loss in the line. However, in some cases, the capacity and location of the generator of the group and improper loading may lead to more real power loss in the line.
Based on studied research papers related to electrical loss, in the literature [1, 2] , the paper discusses the sizing and installation of distributed generators to reduce power losses in the distribution system including charges that will be occurred by the power losses. The size and placement of distributed generators installed in a suitable to minimize the power loss at the distribution system is analysed in [3] [4] [5] [6] [7] . In the literature [8] [9] [10] [11] , their papers use a genetic algorithm, ant colony and fuzzy logic to analyze the optimal size and location for the installation of distributed generators to reduce power loss and improve the voltage in electrical system. As a result, all of the above paper, the analysis and evaluation of electrical power loss from only 1 DG are explained but these research papers have been rarely mentioned about electrical power loss from multi-distributed generators.
This paper studies the impact of multi-distributed generators (DG) when they are employed into the distribution system. The system under this study is from Provincial Electricity Authority (PEA) that is a part of Thailand's distribution system. The capacity and location of distributed generators (DG) are varied in order to analysis the electrical line loss of the system. DIgSILENT power factory is employed to simulate and analyze the electrical line loss when distributed generation (DG) is connected to 22kV distribution system.
Electrical Line Losses Analysis [12]

The Analysis of Base Case
Electrical line losses for the base or for the case where there is no DG connected to the distribution system as shown in Figure 1 can be calculated by using equation 1.
where P Loss1 is electrical line losses with no DG r is line resistance (ohm per kilometer) L is the distance between substation and load (kilometer) I L is the line current (A)
The Analysis of Losses with DG
When the DG is included in the distribution system as shown in Figure 2 , the electrical line losses are the combination of the electrical line losses occurring between substation to the DG (P LSG ) and can be calculated by using equation 2, and the electrical line losses occurring between DG to the load location (P LT ) which can be calculated by using equation 3.
Thus, the total electrical line losses (P LGL ) will be calculated by equation 4.
where P G is DG real power (W) P L is load real power (W) 
Power System Simulation using DIgSILENT
The scheme under investigation is a part of Thailand's electricity distribution system. DIgSILENT power factory is employed to simulate and analyze the affect of electrical line losses when distributed generation (DG) is connected to 22 kV distribution systems as shown in Figure 3 . Data of geographic information systems (GIS) including the distance of distribution line and location of load that are parameters of PEA are shown in Table 1 .
From Figure 3 , it can be seen that there are 8 buses from substation and load of each bus that is connected between distribution lines. To study the electrical line losses, simulations were performed with various changes as follows:
-A number of distributed generators are no DG, 1 DG, and 2 DG that designated on any bus of distribution system.
-The capacity of DG is 2 MVA, 4 MVA, 6 MVA, and 8 MVA installed at the bus.
-In case of 1 DG, the DG will be moved at each bus.
-In case of 2 DG, the first DG will be installed at bus 4 and other DG will be moved at other bus.
Impact of DG for Electrical line losses
The objective of this paper is to study the impact of electrical line losses when multi-distributed generation is connected to distribution system. The power loss of the case of base case (no DG) is compared with the case of 1 DG and 2 DG. The results can be shown in Figure 4 and The electrical line losses in case of base case (no DG) is 0.359 MW so the electrical line losses in this case will be compared with 1 DG at each bus as shown in Figure  4 and Table 2 . The comparison is divided into 4 groups of case studies. The capacity of DG installed at each bus is 2, 4, 6 and 8 MVA.
The results show that, when location of DG is at bus 1, 2 and 3, the electrical line losses are lower than the base case (no DG). However, when the DG is installed at bus 5, bus 6, bus 7 and bus 8, it can be seen that the electrical line losses increase; this is because the size of load is less than 1 MW and the distance from substation to load is more than 50 km as shown in Table 1 . This indicates that utility has to be responsible for line losses. In addition, when capacity of DG installed at each bus is 2 MVA and 4 MVA, the electrical line losses are lower than the base case (no DG) except for the case that the capacity of DG is 4 MW and installation location is at bus 7 which load is 0.58 MW. This indicates that utility has benefit from employing DG. When increasing the capacity of DG (4, 6 and 8 MVA) at each bus, the electrical line losses are higher than the base case (no DG) by the size and distance of load. It is noticed that, when the capacity of DG is increased, and if the DG capacity is not too large (less than 4 MVA), the electrical line losses also decrease. On the other hand, when the capacity of DG is increased and considered the load at bus 2, it can be seen that the electrical line losses are reduced for most cases because the size of load is more than 2 MW and distance from substation to load is about 20 km as shown in Table 1 . This also indicates that capacity of DG, location of DG, location of load and size of load play an important role for electrical line losses. In case of base case (no DG), it is compared with 2 DG at each bus as shown in Figure 5 and Tables 3-6. It can be seen that, the capacity of DG is 2 and 4 MVA that is installed at bus 4 and other DG is 2, 4, 6 and 8 MVA that is installed at each bus, are varied. The results show that, when other DG is located at bus 1, 2 and 3, the electrical line losses are lower than for both the base case (no DG) and the case of 1 DG at the same bus as shown in Table 3 and Table 4 . However, the capacity of DG is 6 and 8 MVA that is installed at bus 4 and other DG is 2, 4, 6 and 8 MVA that is installed at each bus, are also varied. The results show that, when other DG is located at bus 1, 2 and 3, the electrical line losses tend to increase at the same bus as shown in Table 5 and Table 6 . When the other DG is installed at bus 5, bus 6, bus 7 and bus 8, it can be seen that the electrical line losses increase because of the capacity of DG. On the other hand, when the capacity of DG at bus 4 is varied and the capacity of other DG does not change, it is noticed that the electrical line losses at each bus are slightly increased more than the base case (no DG). This also indicates the slight mismatch between DG capacity and size of load.
Considering the load at bus 7 and bus 8 that is less than 1 MW and load is installed at the end of the distribution system, it can be seen that the electrical line losses tend to increase, when the capacity of DG is increased. However, if the DG capacity is not too large (less than 4 MVA), the electrical line losses also decrease. This also indicates the slight mismatch between DG capacity and size of load. From the Figure 5(d) and Table 6 , it is clearly seen that as the DG capacity increases, the electrical line losses also increases.
Conclusions
This paper presented the impact of electrical line losses when multi-distributed generation is connected to distribution system. In order to evaluate the impact of multi-DG for electrical line losses, the line losses of the case of no DG and with DG are compared. The results show that when DG is installed close to the substation, the electrical line losses are reduced. However, if DG capacity becomes larger and the distance between DG and load is longer, the electrical line losses tend to increase. The results indicate that the capacity of DG, location of DG, location of load and size of load play an important role for electrical line losses as shown in Figures 4 and 5. 
